Induction of zone-like liver function gradients in HepG2 cells by varying culture medium height.
In most laboratory-scale mammalian cell cultures, the primary mode of oxygen delivery to cultured cells is by passive diffusion through a thin layer of culture medium, and the height of culture medium chosen may therefore have a significant effect on the phenotype of oxygen-sensitive cell types. Many of the liver functions performed by hepatocytes are thought to be regulated into zones by the local oxygen concentration; of particular interest to in vitro toxicologists, the cytochrome P450 family of detoxification enzymes is known to be preferentially expressed by hepatocytes at low (perivenous) oxygen concentrations. Using an array of different medium heights in a 12-well plate format, we show that the height of culture medium has a significant effect on cytochrome P450 1A1 detoxification activity, glucose metabolism, and cell morphology of HepG2 hepatocellular carcinoma cultures. In particular, cytochrome P450 activity exhibits a maximum at medium heights corresponding to perivenous oxygen concentrations. This work demonstrates that optimizing cell culture performance is not always the same as maximizing oxygen delivery.